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Malic and  lactic. acids, reportedly present in tobacco
leaf, were each pyrolyzed at relatively high temperatures in
an effort to compare the products thus produced with:some
of those present in tobacco smoke. The pyrolytic products
identified - included - aromatic hydrocarbons,” -acids -and
| - -phenois. ‘A correlatlon was indicated between complexity of

*.condensed  ring systems (hydrocarbons) formed and pyro-

gtlc temperature. The aromatic h%drocarbons produced
uring pyrolysis were typlcal for such reactions. )

Considering the fact that tobacco leaf contains a sub-
stantlal percentage of organic acids (2), we became in-
terested in the products generated by these acids on
thermal degradation (2a, 4). We were seeking to ac-
count, in part, for the composition of cigarette smoke
(9). It has been previously reported (4) that a number
of leaf acids, on pyrolysis, give rise to varying amounts

of simple phenols found in the smoke. In related studies,

Newell and Best (8a) have explored the fate of 4C—
labeled oxalic, mahc and o1tr1c acids in cigarétte smoke.
To enlarge upon these findings, we have not examined
the acidic and neutral pyrolytic products from malic

acid and the sodium salt of lactic acid, both reportedly‘

present in leaf (9). Our results are described below.

EXPERIMENTAL.

“Sodium lactate and L-malic acid were each pyrolyZed
under a constant ﬂow of nitrogen in a horizontal quartz

tube (2.5 cm diam. x'35 c¢m length) packed with quartz

chips. A Lindberg Hev1 Duty Furnacé® maintained py-
rolysis temperatures 620° =+ 10°C for sodium: lactate,
and a series of temperatures, 500° to 900°C =*.10°C,
for malic acid.

"Collection of condensable pyrolytic products was fa-
cilitated: by the use of three traps, the first cooled by an

ice-water mixture and the latter two by Dry Ice-acetone.

The product. stream, after exiting the last of these traps,
passed : through a bub”oler contammg 5% sodium hy-

purposes of fractlonatlon, the pyrolysate was. par-

toven temperature was programmed fro]

“of such compounds appeared to be present, we we
-able to identify’ them.

~ranging from benzene to anthracen
- products ysually expected from relatwejly hig

fractlon A Varlan-Aerograph Model 200‘~ﬂgas

tral and phenohc fractlons For the former, th

chromatographlc analysus in both program
thermal modes (3).

A number of acids (5,9). and phenols
pyrolysates were also detected by ut1

compounds in the pyrolysates (1 8). Althougha

RESULTS -AND- DISCUSSION

Sodium lactate pyrolysis. On pyrolysi
ylelded a''series -of aromatlc hydrocal

ture pyrolysis of organic.compounds: (6).

tl 1one between ether and 5% sodlum hydroxxde tosep-'

Table 1.-Products from pyrolys:sl of sadtum Iactate
: Neutral Fraetlon
Benzene Inden_e 1
Toluene: Naphthalene i
Ethylbenzene Biphenyl d
0-, p-Xylene Diphenylm :
- Cumene’ | . Fluorene
Mesitylene] . Phenanthr:
p-Cymene - ‘Pyrene. N
: S Substtufed. Anthracene<
Phenolle Fruch
Phenol
o-Cresole ;. -
p-, “m-Cresol -

Acidic (Carboxylic) ‘Fi

Formlc Acid .
i-Valeric or. Crotonlc
-Lactici

Malonic-




in' Table 1 were all gas chromato-
ondltlons used. We did not look for
( though we have previously found it
in pyrolysates obtained from. sodium acetate (5). Inter-
estingly, all of the - ‘romatlc hydrocarbons observed in
the sodium lactate pyrolysate were produced in approxi-
mately equal amounts, based on the sizes of their cor-
irespondlng gas chromatographlc peaks:

‘The phenols (Table 1)’ generated from sodium lac-
tate were identical to those reported previously (4),
and- also. included 2,4-xylencl which, together with

‘compounds listed .
;,graphable under th

0- cresol was present in relatively large amounts. Quan- -

‘tities of phenols obtained from sodium lactate, in the
present study, differed from those reported earlier (4).
However, ‘the differences were not significant, and may
merely deflect differences in pyrolysis conditions.

Formic acid was the predominant component of the
ac1d fraction of the sodium lactate pyrolysate. Evidence,
‘however, was also obtained for the presence of a number
“of other acids (Table 1).

“Malic acid pyrolysis. Aromatic hydrocarbons (Table
2) ‘were formed at every temperature, between 500° and
900°C, to which malic acid was subjected. Toluene was
‘the major product at 500° and 600°C, while benzene
predominated at 700°C. Although there were still fair
amounts. of benzene, toulene and the xylenes present
‘in the 800°C pyrolysate, the major neutral components
generated. from malic acid at this temperature consisted
of 1ndene, naphthalene and acenaphthylene. At 900°C,
major ‘products were chrysene, naphthalene and pyrene.
“‘Ag expected, the greater numbers of polynuclear aro-
matic hydrocarbons (Table 2) seem to be related to the
higher temperatures of pyrolysis.

“Phenols (Table 2) were generated from malic acid
at temperatures ranging from 500° to 800°C; no phenols
‘were found in the pyrolysate obtained at 900°C. At
500°C, the major phenolic products were phenol and
“o-cresol. However, at 600°C, m-cresol was the predomi-
nant product At 700° and 800°C, relatively equal quan-
tities of the phenols indicated were produced. The opti-
“mum temperature for production of phenols (by weight)
;from malic acid was observed to be 700°C.

JAcids (Table 2) produced during the pyrolysis of
,mahc acid included fumaric and succinic acids. The ten-
‘defn,cy for, the formation of these acids was seemingly

Table 2.,Prm:luctsn from pyrolysisb of malic acid observed at
- various temperatures.
500° 600° 700° 800° 900°C

- ‘Benzene . -+
1= Toluene +
* Indene " +
Biphenyl
Naphthalene
Ethylbenzene } -
“m-, p-Xylene -
Sfyrene 1.0 +
. o-Xylene f
3 Dume*thylnaphfhalene
‘Acenaphthylene
Anthracene (Phenanihrene)
"Fluorene . :
- .Pyrene
Chrysene

8 Phenol
“m-Cresol’
~p-Cresol
‘0-Cresol
2, S.Xylenol

: ’Fumarlc Acid
'i'Succnmc Acid

A
FHtHt +

o
+HH

+
o

FooT +

-ml products were. tdernnﬁed by gas chromatogmphu retention data,
- by their ultraviolet absorption. characteristics. Phenols

b of ‘gas and thin-layer chromatoaraphic studies:
crésol was confirmed: by ultraviolet absorption studies, as
1ds B chwractemzed by. thin-layer chrumatagrapmc

"Umier mtro oWy

greater at the lower temperatures. Although we were
unable to identify them, carbonyl-containing compounds
appeared to be present in malic acid pyrolysates also,
as indicated by thin-layer chromatography (1, 8).

All of the compounds identified in the malic acid
pyrolysates have been reported to be present in tobacco
smoke (9).

Mechanistic implications. A plausible pyrolytic path-
way from malic acid to fumaric and succinic acids, for
example, might involve dehydration of the starting ma-
terial, as a first step, to give rise to fumaric acid.
Hydrogenation of the latter would then yield succinic
acid. The observed accumulation of water at the end
of the pyrolysis tube, during malic acid pyrolysis, would

‘lend support to such a proposed pathway, although an-

hydride formation would have to be considered as well.

In addition, decarboxylation of the lactic and malic
acids to produce C, fragments (free radicals) may be
an important step in the formation of aromatic rings
via condensation reactions.

SUMMARY

Malic and lactic acids, reportedly present in tobacco
leaf, were each pyrolyzed at relatively high tempera-
tures in an eifort to compare the products thus produced
with some of those present in tobacco smoke. The pyro-
lytic products identified included aromatic hydrocarbons,
acids and phenols. A correlation was indicated between
complexity of condensed ring systems (hydrocarbons)
formed and pyrolytic temperature. The aromatic hydro-
carbons produced during pyrolysis were typical for
such reactions.
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